❙ABSTRACT❙ Background: Heavy alcohol consumption increases the risk of hypertension, but the effect of light to moderate alcohol consumption on the risk of hypertension remains controversial. In this cross-sectional study we aimed to identify the association between alcohol consumption and hypertension, and verify whether this association is influenced by age. Methods:
Introduction
Numerous studies have established a close relationship between alcohol consumption and hypertension. 1, 2) Heavy alcohol consumption has been demonstrated to be associated with an increased risk of hypertension. 1, [3] [4] [5] [6] [7] A meta-analysis of randomized controlled trials reported that a reduction in alcohol intake among heavy drinkers significantly re-studies have shown that the association between alcohol intake and hypertension may be different between age groups. 11, 16, 17) Other studies, however, have indicated that heavy drinking is positively associated with hypertension irrespective of age. 6) The aim of this study is to identify the relationship between alcohol consumption and blood pressure, and to determine whether this relationship is changed by age.
Subjects and methods 
Methods
Alcohol consumption was ascertained by means of self-administered questionnaires. Subjects were asked how often they usually drank alcohol on a weekly basis and how many standard drinks they usually consumed on a daily basis. A standard drink was considered any drink that contains about 10 g of pure alcohol. Patients were categorized according to the number of standard drinks consumed weekly: none, 1 to 3 per week, 4 to 10 per week, 11 to 18 per week, and 19 or more per week. A few studies have shown that the effect of alcohol consumption on the risk of hypertension starts with consumption of more than threshold amount. 2, 7) A prospective study of young women reported that light drinkers who consumed more than 0.25 drink per day showed a decrease in the risk of hypertension. 2) In this study, therefore, the consumption in the 1 to 3 drinks per week category was included to see whether there is a threshold level for the association between alcohol consumption and the risk of hypertension. In addition, drinking frequency was categorized as none, 1 to 2 days per week, and 3 or more days per week. Drinking quantity was categorized as none, 1 to 6 drinks per day, and 7 or more drinks per day.
Self-administered questionnaires were also used to examine the status of cigarette smoking and physical activity. 
Statistical analysis
Clinical characteristics were compared between the subjects with and without hypertension using Student's t-test or Pearson's chi-square test. The association between alcohol consumption and the risk of hypertension was analyzed by logistic regression analysis. For all analyses, nondrinkers were considered the referent category. Multivariate-adjusted odds ratio (OR) and 95% confidence interval (CI) for hypertension was calculated. This study examined age and sex-adjusted models, then adjusted for BMI, FBS, HDL-C, LDL-C, smoking status, and physical activity.
Age-specific logistic regression analysis was used to determine whether there is a difference in the effect of alcohol consumption on the risk of hypertension between young and old subjects. Old subjects were defined as those aged 60 or over. All analyses were performed with SPSS statistical software. A p-values < 0.05 were considered statistically significant.
Results
Of the 1,108 subjects, 236 cases (21.3%) of hypertension were identified (148, aged ≥ 60 years; 88, aged < 60 years).
Mean (± standard deviation) blood pressure was 120.4 (± 9.6)/74.4 (± 5.9) mm Hg in normotensive subjects and 142.7 (± 10.4)/90.7 (± 48.1) mm Hg in hypertensive subjects.
The number of hypertensive subjects in categories accord- 
Table 2. Association between alcohol consumption and risk of hypertension by logistic regression analysis
ing to blood pressure was as follows: a systolic of 140-159 and/or a diastolic of 90-99 mm Hg, n = 206; a systolic of 160-179 and/or a diastolic of 100-109 mm Hg, n = 29; a systolic greater than or equal to 180 and/or a diastolic greater than or equal to 110 mm Hg, n = 1. The characteristics according to blood pressure are presented in Table 1 . Men and old patients were more likely to be hypertensive.
HDL-C was lower and FBS was higher among hypertensive subjects than normotensive subjects. Hypertensive patients showed higher BMI. The proportion of individuals who were hypertensive varied significantly by level of drinking frequency. On the other hand, the percentage of hypertensive subjects did not appear to differ by drinking quantity in univariate analysis. Table 2 . In unadjusted model, light to moderate alcohol consumption from 4 to 10 drinks per week was associated with significant reductions in the risk of hypertension (OR = 0.51; 95% CI, 0.28-0.94; p = 0.030). Alcohol consumption in the 1 to 3 drinks per week category did not have a significant effect on the risk of hypertension (OR = 0.96; 95% CI, 0.50-1.84; p = 0.890). The risk of hypertension was significantly increased when consuming ≥ 19 drinks per week (OR = 1.80; 95% CI, 1.17-2.76; p = 0.007). This pattern of association persisted after adjustment for sex, age, BMI, FBS, HDL-C, LDL-C, smoking status, and physical activity. Compared with nondrinkers, OR of hypertension was lowest among subjects drinking 4 to 10 drinks per week (OR = 0.51; 95% CI, 0.27-0.97; p = 0.040) and highest among subjects drinking 19 or more drinks per week (OR = 1.97; 95% CI, 1.18-3.29; p = 0.010). To evaluate interaction between covariates described previously, interaction terms between these covariates were included in this model, but none reached statistical significance except that between FBS and LDL-C (p-value for interaction = 0.03).
Logistic regression analysis of the relationship between alcohol consumption and hypertension is presented in
Addition of this interaction term to the multivariate model did not change the results substantially (data not shown).
Additionally, the association between alcohol consumption and blood pressure when the exposure to alcohol was stratified according to drinking frequency and quantity was analyzed by means of multivariate logistic regression analysis.
Compared with nondrinkers, OR (95% CI) of hypertension was as follows: 1 to 2 days per week and 1 to 6 drinks per day, 0.87 (0.50-1.50); 1 to 2 days per week and 7 or more drinks per day, 0.81 (0.41-1.59); 3 or more days per week and 1 to 6 drinks per day, 1.39 (0.73-2.64); 3 or more days per week and 7 or more drinks per day, 1.56 (0.87-2.78). Interestingly, alcohol consumption of 1 to 2 days per week did not appear to increase the risk of hypertension even when the subjects drank 7 or more drinks per day. This finding can strengthen the interpretation that Table 3 . Association between alcohol consumption and risk of hypertension by age-specific logistic regression analysis frequent drinking is a stronger risk factor for hypertension than binge drinking.
Age-specific logistic regression analysis is presented in Table 3 . By age-specific analysis, the effect of alcohol consumption in the range of 4 to 10 drinks per week on hypertension became more protective in young patients (OR = 0.32; 95% CI, 0.11-0.97; p = 0.043 in the model including all the confounders). On the other hand, consumption of ≥ 19 drinks per week was not significantly associated with an increased risk of hypertension in young patients (OR = 1.54; 95% CI, 0.72-3.32; p = 0.268 in the model including all the confounders). In old patients, high alcohol intake (≥ 19 drinks per week) was more strongly associated with an increased risk of hypertension by age-specific analysis (OR = 2.47; 95% CI, 1.21-5.05; p = 0.013 in the model including all the confounders), with no evidence of significant benefit in the light to moderate drinking from 4 to 10 drinks per week (OR = 0.70; 95% CI, 0.31-1.58; p = 0.387 in the model including all the confounders).
Discussion
This cross-sectional study confirmed that heavy alcohol intake increases hypertension risk, whereas light to moderate alcohol intake can decrease hypertension risk. In accordance with previous studies, 2, 7) there was a threshold level for this association. Light to moderate alcohol consumption had a protective effect on the prevalence of hypertension when consuming ≥ 4 drinks per week in this study. Heavy alcohol intake was significantly associated with an increased risk of hypertension for subjects who consumed ≥ 19 drinks per week. However, several studies have reported different thresholds. 18) In old subjects, alcohol consumption from 1 to 3 drinks per week seemed to increase the risk of hypertension though not statistically significant. It is difficult to conclude that light alcohol intake can increase the risk of hypertension in old subjects from this result. The cause of this result is uncertain, but it may have been due to the small number of participants in this category. Activation of the sympathetic nervous system and alteration of vascular tone have been hypothesized as the probable mechanisms explaining the relationship between heavy alcohol intake and an increased risk of hypertension. 1, 19, 20) Some studies have suggested that alcohol has a direct effect on blood pressure, but others have indicated that repeated withdrawal from alcohol is at least as likely an explanation for elevated blood pressure. 9, 18) It has been proposed that the effect of heavy alcohol intake on blood pressure may be mediated by the actions of hormones such as norepinephrine and cortisol. 1, 18, 21) The mechanism by which light to moderate alcohol consumption decreases the risk of hypertension is uncertain.
A few studies have suggested that depressor effects of alcohol on blood pressure may predominate over withdrawal effects at low levels of intake, especially if the frequency of intake is low. 9, 22) In addition, it has been suggested that light to moderate alcohol consumption may reduce anxiety that is considered to be associated with hypertension. 9, 23) This study founded that the association between alcohol consumption and the risk of hypertension differed in young and old patients. Although the mechanism underlying this difference remains largely unknown, the pathophysiologic changes of aging such as increased peripheral vascular resistance, decreases in plasma renin activity, and reduced beta-adrenergic function 14, 15) may be the key to clarifying the mechanism. It has been suggested that the difference in the pattern of alcohol use and hormonal status may be one of the likely mechanisms. 16) Light to moderate drinking has been shown to be associated with a reduced risk of ischemic stroke, coronary heart disease, and mortality. [24] [25] [26] [27] [28] [29] It has been suggested that the beneficial influences of alcohol intake on lipids and haemostatic factors may explain this association. [30] [31] [32] [33] Some authors have indicated that red wine may enhance endothelial nitric oxide synthase function and antagonize the development of endothelial dysfunction and atherosclerosis. 34, 35) A few studies have speculated that the protective effect of light to moderate alcohol consumption on the risk of hypertension may reflect an additional pathway by which light to moderate alcohol intake reduces the risk of coronary heart disease and death. 9) However, there is counter evidence to this hypothesis. Some studies have shown that older people at high risk of coronary heart disease and ischemic stroke are more likely to have survival benefit from light to moderate alcohol consumption. [36] [37] [38] But, the present study has shown that the protective effect of light to moderate alcohol intake on hypertension appears confined to the patients aged < 60 years. A few studies have suggested that light drinking significantly increased blood pressure only in the older groups. 11, 17) In addition, it has been suggested that the protection against coronary heart disease afforded by moderate alcohol consumption may be mediated by an increase in HDL-C and a decrease in LDL-C, but counterbalanced by an increase in risk due to increased systolic blood pressure. 31) It is speculated that the mechanisms underlying the association between light to moderate alcohol consumption and hypertension may differ from those for coronary heart disease and ischemic stroke. Although this study has indicated that light to moderate alcohol consumption can decrease the risk of hypertension in young patients as previous studies have reported, 9) some studies have shown that light to moderate alcohol consumption may have unassociated or deleterious effects on the risk of coronary heart disease, ischemic stroke, and mortality in young patients. [36] [37] [38] Therefore, a comprehensive analysis of the risk of hypertension and other diseases such as coronary heart disease and ischemic stroke is needed to assess the effect of light to moderate alcohol consumption.
Heavy alcohol intake has been shown to be associated with an increased risk of hypertension, coronary heart disease, stroke, and death. 2, 4, 39, 40) In the current study, however, heavy alcohol intake appeared to be unassociated with an increased risk of hypertension in young patients. A few studies have reported that the elevating effect of alcohol drinking on blood pressure was more prominent in the elderly than in the young, 11, 16) in accordance with the result of the current study. Although the mechanism underlying this result needs to be clarified, alcohol intake seems to be more harmful to old patients than young patients in terms of increasing the risk of hypertension.
This study lacked details on beverage-specific intake and drinking patterns. This limitation of the present study deserves mention since some studies have reported the relationship between pattern of alcohol use and hypertension risk. 41) However, several studies have shown that the effect of alcohol consumption on hypertension risk can be independent of the type of alcoholic beverage and drinking patterns. 5, 24) An additional limitation of the study is that data on potential factors explaining the difference in the effect of alcohol on blood pressure between young and elderly patients such as postmenopausal status and postmenopausal hormone use were unavailable. It has been speculated that estrogen use may affect the relationship between alcohol consumption and blood pressure. 16) Further studies including these factors will be useful for confirming the mechanism underlying the effect of age on the relationship between alcohol intake and blood pressure. Third, analyses of the current study were restricted to the subjects from one institute. Therefore, selection bias could be introduced, and caution is warranted in generalizing these findings beyond the population of the current study.
Fourth, this study cannot establish cause-effect relationship between exposure to alcohol and hypertension because of the cross-sectional nature of the study. Finally, single blood pressure measurement could introduce bias into this study. Several studies have indicated that the combination of the second and third blood pressure reading seems to be favorable over single blood pressure reading. 42) On the other hand, it was suggested that one measurement of blood pressure may be reliable data in the cross-sectional study. 43) In conclusion, this study has indicated that light to moderate alcohol consumption can be associated with a decreased risk of hypertension, whereas heavy alcohol intake can increase the risk of hypertension. It is suggested that the effect of alcohol consumption on the risk of hyper-tension may be influenced by age. There should be a consideration of age when assessing the relationship between alcohol consumption and blood pressure. However, further studies are needed to verify these results since the present study is limited to cross-sectional design. 
